Since the pioneering work of Glickman on embedding an input-output (IO) module into an econometric framework, 1 there has been a plethora of studies on combining an IO analysis with an econometric model in the literature. The popularity of the combined framework is due to its superior performance in economic forecasting and higher accuracy in impact analysis. There are a number of approaches through which an IO model is combined with an econometric model. This paper examines three approaches to combine IO analysis with econometric modelling, namely embedded, coupled, and linked. All three approaches are applied to the Illawarra economy in a series of ex-post forecasting experiments. Each approach is applied to a hypothetical scenario of sectoral reallocation of government expenditure, to investigate certain key sectors that provide more jobs per dollar of expenditure relative to the other sectors. The comparative forecasting performance and impact analysis accuracy of each approach is examined.
I. Introduction
One of the continuing attributes of regional science since its inception some 60 years ago has been on the development of tools for policy analysis. A significant emphasis has been placed on regional socioeconomic models, which covers the topic of regional analysis. The objective of this paper is to highlight the major contributions in the field of regional analysis. This paper focuses on one the most recent modelling developments, the integration of regional IO modelling with regional econometric modelling. In the past three decades, integrated models have been investigated by a number of economists to gain the benefits of both intersectoral details of IO modelling and dynamics of econometric modelling. [2] [3] [4] [5] [6] [7] [8] [9] [10] A thorough analysis of the studies in the literature reveals that there is an emerging consensus on the motivations for implementing integrated models into regional planning. It is a common credence among integrated modellers International Symposium for Next Generation Infrastructure October 1-4, 2013, Wollongong, Australia that the traditional tools for regional analysis are inadequate to deal with the complexity of the issues that are of interest to regional analysts. 3, 11 To analyse the structure of a regional economy and to examine the potential impacts of policies on the future economy of a region, a regional analyst often applies two key methods (Other operational methods of regional analysis are computable general equilibrium (CGE), economic base analysis, shift-share analysis, linear programming, and cost-benefit analysis). The first method is IO modelling, through which the interactions between economic sectors are examined and the impacts of exogenous shocks on the economy are determined. 10, 12 The multipliers in IO modelling enable analysts to calculate the direct and indirect effects of any shifts among various economic sectors and to trace the impacts of intersectoral transactions within an economy. The other method is econometric modelling, through which the growth rate of each sector is forecasted and the effects of a policy on high growth rate industries are evaluated. Nonetheless, each model applied alone ensue some drawbacks. For instance, IO models lack the dynamics of econometric models whilst on the other hand econometric models do not provide a detailed snapshot of intersectoral interactions among economic sectors of a region. 9, 13, 14, 15 Given the two methods, applied alone in analysis, the question is if the results of evaluating the potential effects of a policy such as adjustment of overall rate of inflation or adjustment of relative prices of household expenditure commodities are highly accurate? Considering the limitations of each method in isolation, a positive answer to this question is highly doubtful.
West and Jackson
10 argue that in the standalone IO modelling, an exogenous shock to the economy entails a reaction from final demand to intermediate and primary inputs. Nonetheless, if changes in tax levels impact government expenditure, there is no reaction from primary inputs to final demand. Therefore it is required to implement a dynamic structure to apply time series in order to capture exogenous shocks through time. This feature can be gained by merging an IO model with an econometric model to combine the good properties of both methods
1 .
An integrated EC-IO model combines the advantages of both types of modelling, which in turn leads to increased accuracy in forecasting and to improved capabilities in impact analysis for regional planning. A significant number of studies have focused on applying the integrated framework in several regions within the U.S. 4, 6, 8, 14, 16 However, in the Australian context, except for West 9, 17 , no studies have been found in the literature focusing on the integrated EC-IO model to conduct regional analysis. The lack of studies in the literature on regional analysis is especially noticeable on the Illawarra region, which is an important region within New South Wales economy. Due to the economic transitions, as a result of globalization, that have occurred in the Illawarra's economy, an integrated EC-IO analysis on the Illawarra could be a stepping stone to further research on other regions around the globe that are similarly in a transitional phase. This paper explores the potential arising through the application of integrated EC-IO modelling to the Illawarra, a region in transition, to analyse the intersectoral relatedness and forecast structural shifts in the economy. Three different approaches are applied to unite the IO analysis with the econometric model, namely, coupled, embedded and linked approaches.
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II. The region
Due to globalization and structural adjustments over the last five decades, regions have become paramount factors in development of national economies. A new global environment of floating exchange rates, financial deregulation and globalization of capital markets has taken place over the last half a century. Consequently, the developed nations have entered an increasingly intricate and competitive global economy and in turn, the impact of regional economies on national economies has become vital in forming the dichotomy between the successful and the unsuccessful national economies. 18 Since four decades ago nearly all member states of organization for economic co-operation and development (OECD) have witnessed major economic and social shifts. These structural shifts indicate the fast pace of technological advancement, importance of knowledge sectors, capital market deregulation, and increased overseas trades. 19 Old industrial regions such as the Illawarra and New Castle in Australia; Lille in France; Liverpool in the UK; and Cleveland, Detroit and Pittsburgh in the US have declined or witnessed structural economic shifts as a result of globalization. 18 Regions such as the Illawarra in Australia and Waterloo, Ontario in Canada have adopted global learning skills and cross training labour characteristics and they heavily rely on skilled labour to adapt to the impact of globalization.
The importance of choosing the Illawarra as a region in this research is reflected in two paths. Firstly the Illawarra regional economy plays a key role in the context of the Australian economy, which is discussed in the following paragraph. Secondly, what adds to the significance of this study in terms of its pertinence to the global context is the application of the methodology in this paper to regions outside Australia, that have the characteristics similar to those of the Illawarra's. The emphasis on the Illawarra economy has shifted from heavy industry, steel manufacturing and mining to knowledge sectors and technological advancement, being regarded as city of innovation. This research is applicable to regions with demographics and economy size commensurate with the Illawarra, regions that have adapted to structural shifts in the past five decades as a result of globalisation and increased level of competition, and regions that are in a transitional process of economy as a result of structural shifts.
The Illawarra has contributed considerable resources to the economy of Australia as it has been a leading steel and coal exporter. It boasts the largest plant for steel production in the southern hemisphere. 20 The Illawarra is nationally acclaimed for metal fabrication and engineering. It has been considered the centre of excellence in research and development 20 , playing an integral role in technological advancement. In addition, it is a globally renowned provider of tertiary education. 20 According to the Australian Bureau of Statistics [21] [22] [23] , the Illawarra statistical division has an unemployment ratio of 6.7%. With a population of 436,117 people this indicates that nearly 13,114 of the current labour force are unemployed. Since one of the main objectives of regional planning is to increase employment, gaining higher accuracy in regional economic analysis would be a stepping stone in addressing the unemployment issues.
III. Comparison of the estimation results
For the first experiment, the two integration approaches, namely the coupled and the holistic embedded, are applied to a dynamic ex-post scenario for forecasting both total and sectoral The results of the forecast show that the holistic embedded approach performs better than the coupled approach in forecasting total employment. This is due to the even distribution of the estimated values across all sectors, which is the main property of the holistic embedded approach. As noted on Table 1 , the MAPE of the holistic embedded approach is far less than that of the coupled and the number of sectors with the lowest MAPE is four times that that of the coupled.
In terms of sectoral employment forecast, the coupled approach clearly outperforms the holistic embedded. The MAPE for the coupled approach is half of that of the holistic embedded and the number of sectors with the lowest MAPE is twice that of the embedded. A likely justification for this is that in a more diversified economy it is critical to avail of intersectoral linkages in defining the employment demand equations. The coupled approach imposes an exhaustive set of intersectoral relations in each employment equation and an extensive series of final demand equations; it is more sector-specific in terms of forecasting.
Table 1. Coupled versus embedded: MAPE for total and sectoral employment forecasts
The second experiment is a comparison of the impact analysis capabilities of the three integration approaches, namely coupled, holistic embedding and linked, together with the standalone IO analysis. In these experiments, the four different models are applied to estimate the employment impacts on six sectors, arising from a hypothetical increase of AU$1 million in government expenditure on three sectors, namely retail, education, and health and social services. Table 2 shows the results of the impact analysis of the coupled approach with respect to employment multipliers that it generated during. International Symposium for Next Generation Infrastructure October 1-4, 2013, Wollongong, Australia International Symposium for Next Generation Infrastructure October 1-4, 2013, Wollongong, Australia
The first set of findings in the aforementioned experiment pertains to the comparison of the different models. The total estimated impacts generated by IO in each scenario are below 100 thousands and the flow-on effects below 65 thousands. These results are in sharp contrast with the results estimated from the linked approach, with total estimated impacts above 150 thousands and the flow-on effects nearly 90 thousands in all three scenarios. The results of the linked are substantially different also from the other two integrated approaches. In fact the estimate size of the total and flow-on effects of the linked model is the largest of the four models.
A possible reason for relatively large overestimation from the linked approach is the implicit double counting occurrence in modelling the linked approach. This occurs as a result of using IO analysis to estimate disaggregate total impacts caused by the government expenditure increase that are then aggregated and implemented into the econometric modelling to estimate the dynamic adjustments of the increase. Also the use of the Leontief inverse will extend the impacts of final demand change across other disaggregate sectors in the IO analysis. Hence, the linked multiplier interaction is not isolated to certain sectors in which the original change was introduced.
The substantial difference in the estimate results is due to differences in the structure of the employment demand equations across the three approaches. In general, coupled approach specifies sectoral employment as a function of sectoral output and labour productivity. In contrast in the other two approaches, employment is specified in a method similar to regular econometric modelling. Accordingly, the estimate variance in the linked and holistic embedded approaches is more commensurate with the econometric modelling whilst this variance in the coupled approach is in accordance with the detailed sectoral disaggregation of the IO analysis while retaining the dynamics of the econometric model to a higher extent than the other two approaches.
The second set of findings pertains to the importance of the sector with respect to its direct and flow-on effects on employment. By virtue of the competitive advantage of coupled approach, as a result of its exhaustive estimation and its superior accuracy, the sectoral comparison is conducted analysing the results of the coupled approach. As noted on Table 1 , the sector which has the highest total impact on sectoral employment is retail trade. A million dollar increase of government expenditure on this sector increases nearly 15 thousands total impacts on employment. Of this 15 thousands total impact, 2.8% is the increase on the retail trade sector itself, then the highest impact is on transport and storage, which is 1.9% increase and third highest impact is on professional and scientific sector with 1.6% increase impact. The second sector resulting the highest impact on other sectors is education sector, with more than 12.5 thousands total impact and third health and social services with slightly more than 12 thousands impacts.
